The main objective of this paper is to study the effect of extrusion parameters (extrusion stresses and temperature) and die geometry, i.e. extrusion radius, on the extruded aluminum quality using FEM Simulation Technique. For this purpose, the general FEA Software ABAQUS was used to set up the finite element model of the warm aluminum extrusion in two dimensions (2D). Aluminum alloy Al-2014 was used as billet material, with 40mm diameter and 75mm length. The extrusion process was modeled as isothermal, which means that the billet material was preheated at a specific temperature and then pressured into the circular die, with extrusion ratio 3.3. Optimized algorithms for extrusion parameters were proposed regarding the concluded simulating results. The results showed that small die angles required higher extrusion load than large die angles. In all die geometry used, the deformation of aluminum billet, which is caused by shearing and compression stresses, happened in a small sectional area (bearing area). The results also showed that, the values of these stresses can increase or decrease depending on the die entrance angle and the die bearing length. To avoid the effects of these stresses on die dimensions; the hardness, material selection, and geometry should be well calculated. An axis-symmetrical 2D geometric model of the tooling and billet was constructed for the analysis. Data obtained from the FE model included die-work piece contact pressure, effective stress and strain and material deformation velocity. The correlation between the calculated and FEA data was obtained in this research.
Introduction
Aluminum and aluminum alloys encompass a wide range of chemical composition and thus a wide range of hardness. The cold extrusion process involves forcing a billet of material through a die at room or slightly elevated temperatures, producing a continuous product of constant crosssection. Cold extruded parts do not suffer from oxidation and often have improved mechanical properties due to severe cold working, as long as the billet temperature remains below the recrystallization temperature. However, defects may occur in the form of surface cracking and 'internal chevron cracking' or 'central bursting'. It is generally accepted that four main parameters are responsible for the onset of central bursting, which are: reduction in cross sectional area, die semi-cone angle, friction between the die and the billet, and material hardening behavior [1] .
Pure aluminum itself is a metal with relatively low strength. Aluminum in its purest form has a tensile strength of around 40 N/mm² and a proof strength of about 10 N/mm².alloying components; however it develops the mechanical properties, specially the deformation resistance as shown in Fig. (1) . [12] .
The flexibility of aluminum allows the designer to extrude it in complex shapes and overcome the fact that aluminum and its alloys have only 1/3 the modulus of elasticity of steel. In forward or direct extrusion, the ram pressure not only has to deform the metal but also overcome the friction between the billet and the container [2] .
Aluminum alloys fall into two basic categories: no-heat treatable, whose strength can be improved. Some form by work hardening; and heat treatable, which offer the highest strength but generally have lower flammability ratings. Where ductility is important, heat treatable alloys can be fabricated at an intermediate stage and finally heat treated to obtain maximum strength [3] . The quality of any extruded product is a function of various factors, such as chemical composition, geometrical dimensions, appearance and regularity of the microstructure, variation of mechanical properties over the extruded length and cross section, and surface finishes [4] . The punches and dies used in cold extrusion are subjected to severe working conditions and are made of wear resistant tool steel e.g. high chromium steels. [5] . Furthermore, by using the finite element software ABAQUS the optimum die angle for conical die was determined. Other researchers studied the material flow of aluminum-alloy slug over the punch head in the cup extrusion process by physical modeling technique combined with FE simulations. [12] . The 3D FEM simulation is a viable predictive tool for both die design and process optimization and the approach is applicable to the extrusion of other alloys for any other extruded shapes [6] . There are numerous factors that affect process planning of cold extrusion such as extruded shape and size, tolerance, surface finish, component type, material and quantity to manufacture, etc. [7] .
Modeling and analysis process
Specifications. In all cases, billets were modeled deformable, 3D and extrusion option was used for this modeling. The model geometry consists of a rigid die, a rigid punch, deformable billet and other supporting parts as shown in Fig. (2) .The billet is made of aluminum and is modeled as a von Mises elastic-plastic material with isotropic hardening. The Young's modulus is 38 GPa, and the initial yield stress is 27 MPa. The Poisson's ratio is 0.33; the density is 2672 kg/m 3 . Table 1 , shows the chimerical properties of al alloy used here. 
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The die is made of high grade steel with the following chemical compositions and mechanical properties as shown in Table ( 2) and Table ( 3). 
Analysis process
The model was meshed with appropriate elements, material properties and boundary conditions were added. As the meshed model became distorted during the simulation, re-meshing facility made the analysis of large de-formations and strains possible. The complete meshed model of the extrusion process is shown in Fig. (3) . There are many types of interaction process between the parts. The main factors like billet length, billet container, extrusion ratio and extrusion speed will affect metal flow and the resulting properties, structure of the section and its surface finish. Fig. (4) . is a flow chart illustrates all steps of this analysis process.
Fig. 4. Flow chart of analysis process
The contact surface between the pressure plate and the force transducer was arranged to a hemispherical form and eliminate any force components in the horizontal direction. F, was calculated using a modified upper bound equation, i.e., Equation (1) [8] .
F = 2k f * [4µ * (H / D + h / d) + µ / sin α +1) * ln (D2 / d 2) ]
(1)
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Where (µ) is the coefficient of friction at die/billet interface, (D) is the billet diameter (mm); (d) the die land diameter (mm), (h) the Die land height (mm), (α) the die half angle (•), (H) is the billet height (mm) and (k f ) is the maximum tangential stress at die-billet interface (N/mm 2 ), as shown in Fig. (5) . As the material boundaries do not follow the mesh lines in an Eulerian calculation, the mesh generation is completely independent of the structure, which greatly simplifies both the mesh generation and the structure definition. The Eulerian formulation used in the present work is based on operator splitting, which permits the sequential solution in two steps of the Eulerian conservation equations, i.e. Equation Set (2) Where (ρ) is the density, (u) the velocity, (σ) the Cauchy stress tensor, (˙ε) the strain rate tensor, (g) the body force and (e) is the specific internal energy, (h) is the heat flux, (r) is the internal heat source, and (D) = ½[ ∇ u+(∇ u) c ] is the rate of deformation tensor. The non-linear behavior of the billet material, i. e, the material hardening was accounted for using the Von-Mises criterion. Also the stress-strain data can be plotted [8] .
Results and Discussion
The forward extrusion process of shapes sections has been investigated here using FEM simulation. Different cases of shapes extrusions have been simulated in this work. ABAQUS\Explicit CAE commercial software was used for all simulations. Figures (6) A, B and C
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show the deformed configuration after many steps of the analysis, as well as contour plots of the Mises stress at the end of the deformation step for the fully coupled analysis using axisymmetric elements. A stress distribution contour of the extrusion of the die and billets with circular Sections on are indicated as FE simulation results.
These plots show good agreement between the results using the two contact formulations in ABAQUS/Standard. The plastic deformation is most severe near the surface of the work piece, where plastic strains exceed 100%. The peak stresses occur in the region where the diameter of the work piece narrows down due to deformation and also along the contact surface. The maximum stresses are in Fig. (6) A, because of the right tip angle, while the minimum values are in Fig. (6) B, because of the die radius tip.
The generation of heat due to plastic dissipation will be inside the bar, while the frictional heat generated occurs at the work piece. In the primary analysis in ABAQUS/Standard, heat transfer between the deformable bar and the rigid die is not considered, although frictional heating is included, as shown in Fig. (7) A, B and C.
The temperature field contours for the adiabatic heating analysis, and the heat flux distribution are different from one model to another depending on the die angle, die radius and bearing length. Also, the temperature increase on the surface is not as large for the adiabatic analysis because of the absence of frictional heating. In Fig. (7) A, the heat flux value is maximum in (Y) direction related to the right angle, while the maximum heat flux occurs when the die angle is (30°) with the curvature found in (X) direction as in Fig. (7) C. The die model with (15°) angle and without curvature in Fig. (7) B. has less heat flux value. The analysis also illustrates how extrusion problems can be simulated with ABAQUS. In this particular problem the radius of an aluminum cylindrical bar is reduced 33% by an extrusion process. The material is assumed to harden isotropically. The dependence of the flow stress on the temperature is included, but strain rate dependence is ignored. Results showed that the small die angles required higher extrusion load than large die angles; also the extrusion load increased when die angle (α) was decreased, since small die angle causes dead metal zone, and the extrusion load increases when billet length increases.
The heat flux is about constant at the beginning with time, and then decreases rapidly at the end of the process as shown in Fig. (8) , in all three models.
The simulation results will be useful during the execution of the experimental procedure and they will guide the experimental tests, which are going to take place in a real press.
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Conclusions
The finite element analysis shows that, the plastic deformation is near the surface of the work piece, where plastic strains are maximum; also the peak stresses occur in the region where the diameter of the work piece narrows down due to deformation and also along the contact surface. The peak temperature occurs at the surface of the work piece because of plastic deformation and frictional heating; also it is immediately after the radial reduction zone of the die. That is because;
(1) The material that is heated by dissipative processes in the reduction zone will cool by conduction as the material progresses through the post-reduction zone. (2) Frictional heating is largest in the reduction zone because of the larger values of shear stress in that zone.
